independently predicts patients' health-related knowledge, [7] [8] [9] behaviors such as medication adherence, 10 and self-reported health status. 11 These factors are thought to be important in achieving important clinical outcomes. However, the relationship between literacy and patient-related outcomes [such as blood pressure (BP)] have been inconsistent, potentially due to measurement limitations and small sample sizes that limit the statistical power to examine clinically relevant endpoints. 11 In particular, some studies have found that higher health literacy is associated with better BP measurements and hypertension control. 9, 12 However, one study among veterans with hypertension found that higher health literacy was associated with worse BP. 13 To better understand the potential relationship between health literacy and the clinical outcome of elevated BP, we evaluated the independent association between a measure of subjective health literacy, the Brief Health Literacy Screen (BHLS), 14 and elevated BP at the time of presentation to the hospital among a cohort of adult patients. We hypothesized that low health literacy would be associated with higher odds of elevated BP at the time of initial evaluation for hospitalized patients.
METHODS

Study Design and Data Sources
As part of the Health Literacy Screening (HEALS) study, 15 we conducted a cross-sectional evaluation of hospitalizations among adult patients between November 1, 2010 and April 30, 2012 at a large quaternary care hospital. This hospital receives >40,000 hospitalizations per year. All health literacy and BP-related data were extracted from the medical center's enterprise data warehouse and research derivative databases, where data from the electronic health record (EHR) are stored. The university's Institutional Review Board approved this study.
Study Sample
Each hospitalization during the study period was eligible if the patient was 18 years of age or older, date of birth and sex were present in the medical record, and the nursing admission intake documentation was completed. Inpatient and observation status hospitalizations were included. We excluded hospitalizations for preeclampsia or eclampsia (ICD9 CM 642.4-642.7) and alcohol withdrawal (ICD9 CM 291.0, 291.3, 291.4, 291.5, 291.81, 291.89, 291.9), which can influence both BP at presentation and the ability to answer the HEALS questions. Hospitalizations were then excluded if the measure of health literacy was incomplete or if BP measurements were missing.
Low Health Literacy
The primary exposure was subjective low health literacy, as measured by the sum of the 3-item BHLS. 14 As part of the HEALS study, the hospital modified the nursing admission form to implement routine assessment of patient subjective health literacy and educational attainment. The implementation of this process is reported elsewhere. 15 Briefly, the nurse who conducted the nursing admission intake verbally administered the 3 BHLS items and also recorded the patient's highest level of education. The nursing admission intake is generally administered within the first 24 hours of hospitalization. [16] [17] [18] [19] We previously demonstrated that nurse administration of the BHLS in this population is a valid measure of health literacy. 20 On the basis of our work and other prior work, 16, 20 the response cutoff that optimized sensitivity and specificity for low health literacy defined on each question was r3 ("somewhat" or "some of the time") on each 5-point response scale; summing the 3 items improved discriminatory efficacy (area under receiver-operating characteristic curve = 0.71 (95% confidence interval (CI), 0.65-0.77)]. Therefore, a summative BHLS score of r9 was used to define low health literacy.
Blood Pressure
The primary outcome was elevated BP defined as BP Z140/90 or Z130/80 mm Hg for patients with a history of diabetes or renal disease. 1, 21 Our primary outcome used the first measurement of BP at the time of presentation to the hospital. This outcome was chosen because it was least likely to be distorted by interventions that occurred after arrival to hospital, such as administration of analgesics, antihypertensives, diuretics, or fluids. We also evaluated secondary outcomes including extremely elevated BP (Z160/ 100 mm Hg; dichotomous), elevated average BP on the first calendar day of hospitalization (dichotomous), and systolic and diastolic BP measurements (continuous). Average BP was computed for the calendar date of hospitalization.
Each BP measurement has a date and time stamp in the EHR. To determine the first BP measured upon presentation to the hospital, we included the first BP within the interval of 12 hours before to 6 hours after the date/time stamp of the hospital bed request. Thus, the first BP measured by hospital staff was used for those patients directly admitted to the hospital from the outpatient setting, and the first BP measured in the emergency department was used for patients hospitalized via the emergency department. Patients whose first recorded BP may have been the following calendar day and had no BP recorded on the date of hospitalization were not included in the sensitivity analysis evaluating mean BP on the first day of hospitalization. For example, if the patient was hospitalized on January 3, 2011 at 11:00 PM, first BP measured 1.5 hours later on January 4, 2011 00:30 AM This patient would have a first BP recorded but no mean BP to be calculated on the date of hospitalization. We filtered and rejected probable data entry errors in which the systolic BP was >400 mm Hg, the diastolic BP was <10 mm Hg, or the difference between systolic and diastolic BP was <10 mm Hg, all of which are physiologically implausible.
Covariates
Covariates were chosen a priori based on clinical significance. These included age (continuous), sex, race (white, black, or other), and insurance type [Medicare (referent), Medicaid, private, self-pay/unknown]. We used ICD9 CM coded diagnostic and procedure information to identify comorbid conditions for inpatient and outpatient encounters. 22 These comorbid conditions included: cerebrovascular disease; coronary artery disease; heart failure; or history of organ transplantation. We used patient medication lists and the electronic prescription-writer from the EHR to identify prescriptions for antihypertensive medications within 365 days before and including the day of the index hospitalization. Antihypertensive medications included angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, thiazide diuretics, calcium channel blockers, b-blockers, a-adrenergics, loop diuretics, central-acting or other antihypertensives (Supplemental 
Statistical Analysis
Hospitalization was used as the unit of analysis. Differences between hospitalizations for those with low health literacy and those with adequate health literacy were examined using Student t test or the w 2 test, as appropriate. We conducted multivariable logistic regression analyses to evaluate the association between low health literacy and elevated BP at the time of hospital presentation, adjusting for age, sex, race, insurance type, comorbid conditions, and prescribed antihypertensive medications. We used robust SEs to account for patients who contributed multiple hospitalizations, 23 as 30% of the cohort had a second qualifying hospitalization (range, 2-28 hospitalizations) over the study duration. We report adjusted odds ratios (aOR) and 95% CI. We also conducted multivariable linear regression between the first systolic BP and BHLS adjusting for the above covariates and accounting for patients with multiple hospitalizations. Finally, we conducted multivariable logistic regression analyses adjusting for the above covariates to evaluate the association between low health literacy and extremely elevated BP or elevated average BP on the first calendar day of hospitalization.
Sensitivity and Subgroup Analyses
Adjusting for the covariates described above, we performed patient-level analysis using multivariable logistic regression, including only the index hospitalization and thus the first BHLS administration. We also performed preplanned analyses stratified by: diagnosis of hypertension; diagnosis of diabetes or renal disease; age 65 years and older; educational level of 12th grade or higher; and hospitalization via the emergency department. All data analyses were performed using Stata version 12.0 (Stata Corp, College Station, TX).
RESULTS
Study Flow
Between November 1, 2010 and April 30, 2012 there were 55,616 hospitalizations for 39,103 patients ( Fig. 1 ). Of these, 4548 (8.2%) of hospitalizations were excluded because of missing a nursing admission form; an additional 397 hospitalizations were excluded for missing sex, age less than 18 years, or the presence of a chief complaint of preeclampsia/ eclampsia or alcohol withdrawal (0.7%). Another 4171 (7.5%) hospitalizations with a completed nursing admission form, had missing or incomplete BHLS and were also excluded. Finally, 237 hospitalizations were excluded because they had no BP measurements on the date of hospitalization or all available BP measurements were filtered as probable data entry errors (0.5%). Thus, 46,263 hospitalizations were available for analyses. Of these, 10,564 (22.8%) hospitalizations occurred among patients with a BHLSr9 and were therefore categorized as having low health literacy.
An average BP for the first calendar day of hospitalization could be calculated for 96% of hospitalizations. A mean of 9 BP measurements were utilized to calculate the average BP for the first calendar day (median 5, interquartile range 2-11) among those with adequate health literacy, versus a median number of 6 BPs [interquartile range (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) among those with low health literacy].
Characteristics
Compared with hospitalizations for patients with a BHLS > 9, hospitalizations for patients with low health literacy (BHLSr9) occurred among those who were older (61 vs. 54 y), reported lower education level (28.4% vs. 11.2% had not completed high school), and were more often hospitalized via the emergency department (54.3% vs. 48.1%). Hospitalizations for patients with low health literacy also were more likely to have chronic conditions, including hypertension (34.9% vs. 29.5%), diabetes (19.1% vs. 15.7%), or coronary artery disease (14.1% vs. 12.6%; Table 1 ). Hospitalizations excluded from the analysis for incomplete BHLS or missing BP were older, had less comorbidity, and were more often missing an assessment of education (Supplemental Adjusting for demographics, comorbidities, and antihypertensive categories and accounting for patient-level clustering, the aOR of an elevated BP at hospital presentation was 1.06 (95% CI, 1.01-1.12) among those with a BHLSr9, compared with those with a BHLS > 9 ( Table 2 ). Figure 2 illustrates the fitted association between BHLS and first systolic BP at the time of hospital presentation and demonstrates a steady decline in the BP at hospital presentation with increasing BHLS scores.
A higher proportion of hospitalizations identified as low health literacy (BHLSr9) presented with extremely elevated BP readings (Z160/100 mm Hg) compared with those with a BHLS > 9 (14.1% vs. 11.2%, aOR 1.08, 95% CI, 1.01-1.16). More hospitalizations with low health literacy were also classified as having an elevated average BP (28.7% vs. 27.5%) aOR 1.05 (95% CI, 0.99-1.10) ( 
Sensitivity and Subgroup Analyses
Including only index hospitalizations, low health literacy was associated with higher adjusted odds of elevated BP at the time of hospitalization, aOR 1.08 (95% CI, 1.02-1.15) ( Table 2 ). In the planned subgroup analysis of hospitalizations among patients without a known diagnosis of hypertension, low health literacy was independently associated with elevated BP at the time of hospitalization. However, among hospitalizations for patients with a previous diagnosis of hypertension, we found no relationship of health literacy with BP in adjusted analyses (Table 3 ). Similar effect modification was present in the relationship of health literacy with BP elevation based on whether the hospitalization was among those with previous diagnosis of diabetes, and patient age ( Table 3 ). The adjusted odds of having elevated BP at the time of presentation were lower with low health literacy among hospitalizations that presented via the emergency department (aOR 0.90; 95% CI, 0.84-0.96).
There was no evident association between low health literacy and average BP on the first calendar day of hospitalization, after patients received medical care.
DISCUSSION
In this cross-sectional evaluation of a cohort of hospitalized patients with and without diagnosed hypertension, we found that low health literacy as measured by the nurseadministered BHLS was associated with elevated BP at the time of hospital presentation. Hospitalizations among patients with low health literacy were associated with both elevated (Z140/90 mm Hg) and extremely high BP (Z160/ 100 mm Hg), and this relationship was robust in sensitivity analysis restricted to index hospitalizations and among several subgroups. Interestingly, our results demonstrate that among patients with low health literacy and a known diagnosis of hypertension, there was no association between health literacy and elevated BP. However, among those patients without a known diagnosis of hypertension, low health literacy was associated with elevated BP at the time of hospitalization. These findings raise concerns that low health literacy may contribute to the high prevalence of uncontrolled BP in the United States, and moreover, may be associated with undiagnosed hypertension. This is the first study, to our knowledge, to examine the clinical correlates of health literacy among hospitalized patients using a health literacy measure administered by nurses during the performance of their clinical duties. The scale of this work enables a more definitive assessment of the relationship between health literacy and BP values, where Literacy and Hypertension smaller prior studies have had conflicting findings. 13, 24 Our results further advance the literature on the associations between health literacy and patient outcomes. 25 Peterson et al, 26 who also utilized the BHLS, and Wu et al 27 In this study we found that those with lower health literacy more often carry a formal diagnosis of hypertension and more often use antihypertensive treatments, but among those without a diagnosis of hypertension there is an increased odds of having a higher presenting BP. This suggests that patients with low health literacy who are able to access the health care system and have a diagnosis of hypertension or prescribed treatment have no disparities in BP control. However those with low health literacy may be less likely to be diagnosed with hypertension, whether due to difficulty accessing the health care system or lack of recognition once in the medical system. Undiagnosed and uncontrolled hypertension are known to be an important risk factor for cardiovascular disease and mortality in the United States and worldwide. 3 This study contributes to possible explanatory mechanisms for these observed associations. Literacy may reflect the ability to seek out and access primary care health care, obtain follow-up for those conditions and/or comprehend written directions for medications and health information provided, 30, 31 which are all essential steps in management of one's health. Our findings should encourage a more coordinated and systematic approach to hypertension care, regardless of the setting of care. In light of evidence that low health literacy is associated with preferential use of the emergency department, 29 our findings raise the question: should the emergency department play a more active role evaluating, diagnosing, or potentially managing chronic conditions? This strategy may be one mechanism to address barriers in care due to low health literacy.
There are limitations to this study. First, in examining the relationship between health literacy and health outcomes, we used BP, which is an intermediary measure of cardiovascular health, not a distal outcome. However, poor BP control is strongly linked with increased risk for cardiovascular and renal disease. [32] [33] [34] Second, because hospital BP may not accurately reflect outpatient BP, we assessed BP in 2 ways: upon first presentation to the hospital and the average of all BPs for the first calendar day of hospitalization. The average BP may more accurately reflect a patient's home BP measurements. The average BP, however, is often influenced by care given during the first day of hospitalization, including administration of antihypertensive medication or treatment of the condition for which the patient was hospitalized. Patients presenting with extremely elevated readings may also be more likely to have a medication administered and have additional BP measurements recorded. Third, the BHLS is a subjective measure and was administered and recorded by clinical staff; it is probable that when BHLS was missing or incomplete, the information may not be "missing at random." Supplemental Table 3 (Supplemental Digital Content 3, http://links.lww.com/MLR/A679) compares patients who were included in the analysis to those who were excluded for missing BHLS or BP and supports this suggestion. Fourth, we excluded the <0.05% of hospitalizations for patients who presented to the hospital for eclampsia, acute stroke, and alcohol withdrawal because these conditions affect both BP and the ability to accurately answer the health literacy questions. Our goal was to maximize generalizability of our findings, thus patients with conditions associated with lower BP were not excluded if the nurse was able to administer the BHLS questions. Even within this heterogeneous patient population, we detected relationships between health literacy and elevated BP. We utilized diagnosis codes in the prior year and the electronic prescription-writer to identify comorbid conditions and treatment for hypertension. This strategy is more likely to identify patients as having a condition who utilize this quaternary care center for their care. Therefore, we may have misclassified some patients who did have a diagnosis of hypertension or diabetes as not having the disease. Finally because of the study design, we report associations between low health literacy and elevated BP readings, rather than causation. 1.21 (1.16-1.27 ) Reference 1.06 (1.01-1.12 ) Adjusted odds ratio (95%CI) zy Reference 1.06 (1.01-1.12 Fitted systolic blood pressure, by brief health literacy screen among hospitalized patients. Linear regression model with robust SEs to account for patients who contributed multiple hospitalizations, adjusted for: age, sex, race, insurance category (Medicare referent), coronary artery disease, cerebrovascular disease, congestive heart failure, transplant status, and antihypertensive categories used; figure generated using local polynomial smoothed line with confidence intervals (CIs). In conclusion, we report in a large sample of hospitalized adults that patients with low health literacy had 6% greater odds of elevated BP at the time of presentation. Elevated BP can lead to serious patient morbidity and mortality, including stroke, coronary heart disease, myocardial infarction, congestive heart failure, renal disease, and death. 1, 2 Despite significant progress in hypertension awareness and control, approximately one third of patients had an elevated BP at hospital presentation. Our findings should guide future work to address the potential relationships between health literacy and hypertension awareness, diagnosis, and control among this vulnerable population.
